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Abstract 
The one-dimensional (1D) crystalline nanostructures of Y(OH)3:Eu/Tb have been synthesized using softemplate method at 
temperature range of 180 – 200°C for 24h. The studies by Field Emission Scanning Electron Microscopy (FESEM) have been 
determined that the outer and interior hollow diameter of Y(OH)3:Eu/Tb nanotubes was obtained range from 150 to 500 nm and 
100 to 300 nm, respectively and of the length up to several micrometers, respectively. The Y2O3:Eu/Tb nanorod/tubes  have been 
obtained from Y(OH)3:Eu/Tb counterparts by crucial annealing. The Xray diffraction (XRD) patterns indicated that the 
Y(OH)3:Eu/Tb and Y2O3:Eu/Tb nanorods and nanotubes obtained has hexagonal and cubic phase with high crystaline. The 
luminescence  and  excitation properties of Y(OH)3:Eu/Tb and Y2O3:Eu/Tb nanorods and nanotubes were investigated in details. 
It found that crystal form and nanomorphology of Y(OH)3 and Y2O3 have played a great role on the emission properties of the 
doped Eu3+ ions.  
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1. Introduction  
Since the discovery of the Carbon nanotubes (CNT) [1], the one-dimensional (1D) nanostructures such as 
nanowires, nanorods, nanotubes, and nanobelts… have been developed widely in mesoscopic physics and play an 
important role as an active components in the preparation of nanoscale electronic, optical, optoelectronic, 
electrochemical and electromechanical devices [2-6]. In particular, the use of one-dimensional nanostructures as a 
precursor for prepared the nanomaterial news for applications in many fields of solar energy converters, energy 
storage, fluorescent lighting and high-performance displays, chemical catalysis, biological labeling, bioimaging, and 
therapy... are attracting the interest of many research groups [7-15]. In this paper, we report the fabrication the one-
dimensional of Y(OH)3:Eu/Tb with hexagonal phase and Y2O3:Eu/Tb of cubic phase. The characterization of 
structures, morphology and study of luminescence properties of nano one-dimensional of Y(OH)3:Eu/Tb is 
presented. 
2. Experimental details 
All of the chemicals used for the synthesis were purchased from Merck with a purity from 99.9 to 99.99%. The 
experimental procedure were performed at room temperature following by annealing at temperatures ranging from 
180 to 210oC in autoclave (MMM Medcenter Einrichtungen GmbH) according to the following procedure: First, the 
homogeneous solution containing 0.5 mmol of Ln(NO3)3ڄ6H2O (Ln = Y, Eu, Tb) was obtained by stirring. The next, 
added the solution containing of 0.3 g Polyethylene glycol (PEG 4000) and continous stirring for 1h and the solution 
of NaOH 10% was used for adjusted the pH. Subsequently, the resulting solution was transferred to sealed Teflon 
container and heated at temperature in range of 190 – 210°C for 18 - 24h in the autoclave system. The obtained 
solutions were washed thoroughly by deionized water and isopropanol, dried at 70oC and annealed at 700oC for 2h 
with rate of 5oC/min. 
The morphology of the one-dimensional nanostructures was estimated by field emission scanning electron 
microscope FESEM (Hitachi, S-4800), their crystalline phase structure was determined by using an x-ray 
diffractometer (XRD, SIEMENS D5000). The Thermal Analysis (TGA/DTA) were taken in Shimadzu DTA-50. The 
Infra-Red (IR) Spectroscopy were were recorded in a NEXUS 670 FT-IR spectrophotometer in range of 400 and 
4000 cmí1. The luminescence spectra were carried out on a luminescence measurement system with iHR550 (Jobin-
Yvon), NANOLOG iHR 320 at room temperature using xenon lamp as excitation energy source. 
3. Results and discussion 
Fig. 1 shown The FEEM images of the Y(OH)3 and Y(OH)3:Eu/Tb nano one-dimentions prepared by 
softtemplate method at 180-210oC and Y2O3:Eu3+ nano tubes annealed at 700oC for 2h.  
As shown in Fig. 1a, the uniform nanotubes (with hexagonal cross section) of Y(OH)3 has the inner diameter in 
range of 150-300 nm and  outer diameter in range of 300-500 nm ) and lengths up to several micrometers. In Fig. 
1b, a single nanotubes (with round cross section) of Y(OH)3:5%Eu3+ with inner and outer diameter of about 50-100 
nm and 150-250 nm and lengths up to several micrometers, respectively have been successfully obtained by 
softtemplate method at temperature of 200oC in 24h. Fig. 1c reveals the Y(OH)3:4%Eu3+,1%Tb3+ nanorods with 
diameter of 100-120 nm and lengths up about 1-2 Pm prepared at 210oC in 24h. Especially, Fig. 1d shown that, after 
annealing at 700oC for 2h, all the samples of Y(OH)3:5%Eu3+ nanotubes have been convert into Y2O3:5%Eu3+  
nanotubes (Fig. 2d) with inner and outer diameters in range of 40 to 60 nm and 80 to 200 nm (Fig. 3b), respectively. 
Obtained results indicates that the softtemplate technique allows for synthesis of many kinds of one-dimensional 
nanostructures (such as: nanorods, nanotubes) of Yttrium hydroxide doped rare earth.  
Fig. 2 depicts the XRD measurements of the Y(OH)3, Y(OH)3:Eu/Tb and Y2O3:Eu/Tb one-dimensional.  All of 
the peaks in Fig. 2a can be indexed to pure hexagonal phase (space group P63/m of Y(OH)3 with calculated lattice 
constants of a = 6.27 Å, and c = 3.54 Å (JCPDS card No. 24-1422).  The diffraction peaks in curve Fig. 2b indicate 
that the product is pure cubic phase of Y2O3, with the cell constants of a=10,59 Å (JCPDS card No. 41-1105). It 
confirmed that, after being annealed at 700oC for 2h, the samples of Y(OH)3:Eu/Tb one-dimensional with hexagonal 
phase can convert into pure cubic phase of Y2O3.  
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Fig. 1. The FEEM images of the Y(OH)3 nano one-dimentions prepared by softtemplate method obtained in the presence of: a)_ 0 mol % of Eu3+, 
b)_ 5 mol % of Eu3 , c)_ 4 mol % of Eu3+ and 1 mol % of Tb3+ dopant ions and d)_Y2O3:5%Eu3+ nano tubes (obtained by annealed the 
Y(OH)3:5%Eu3+ nanotubes at 700oC for 2h, respectively.
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Fig. 2. The XRD patterns of: a) The Y(OH)3 nano one-dimentions prepared by softtemplate method at 200oC in 24h obtained in the presence of 
1)_ 0 mol % of Eu3+, 2)_ 5 mol % of Eu3+ and 3)_ 4 mol % of Eu3+ and 1 mol % of Tb3+ dopant ions, respectively. And b) The Y2O3 nano one-
dimentions annealed at 700oC for 2h obtained in the presence of 1)_ 0 mol % of Eu3+, 2)_ 5 mol % of Eu3+ and 3)_ 4 mol % of Eu3+ and 1 mol % 
of Tb3+ dopant ions, respectively. 
The DTA, TGA and DTGA curves of the Y(OH)3:5%Eu3+ nanotubes were shown in Fig. 3. The DTA curve has 
three endothermic peaks at about 90; 305 and 443oC and one exothermic peaks at 247oC, respectively. The weak 
peaks up to 200oC were attributed to water residues in hexagonal phase of Y(OH)3:5%Eu3+ nanotubes. The intense 
exothermic peaks at 247oC is attributed to the combustion and elimination of the organic complex and nitrates 
remaining in the sample. Combined with the theoretical weight loss, the weight loss of this stage (up to 270 °C) 
determined from the TGA curve is a4.8wt %. In addition, the main weight loss is a11.1% due to the dehydration 
occurring of hydroxides into oxyhydroxide at temperature in range from 250 to 400oC, corresponding to intense 
endothermic peaks at temperature of about 305oC in DTA curves. Followed by a destruction of hydrocarbonates 
process (corresponding to endothermic DTA peaks at 443oC) and decomposed into oxide by releasing water. The 
total weight losses of this stage is a7.4% at temperature in range of 400 to 900oC. The whole phase transition can be 
expressed as follows: 
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Fig. 3. The  DTA, TGA and  DTGA curves of hexagonal Y(OH)3:5%Eu3+ nanotubes prepared by softtemplate method at 200oC in 24h. 
Therefore, it can be concluded that hexagonal Y(OH)3 is a metastable phase, whereas the cubic Y2O3 phase is 
formed stable at high temperature. 
Fig. 4 presents the Infra-Red Spectroscopy of hexagonal-Y(OH)3:5%Eu3+ (Fig. 4a) nanotubes and cubic-
Y2O3:5%Eu3+ nanotubes obtained by annealing at 700ÛC for 2h (Fig. 4b).   
4000 3000 2000 1000
0
10
20
30
40
50
34
48
.2
0
13
85
.7
0
44
5.
63
738.20
10
95
.3
4
12
51
.8
3
15
42
.6
7
16
34
.0
3
23
65
.5
9
28
47
.3
7
29
23
.7
8
T
ra
ns
m
it
ta
nc
e 
(%
)
Wavenumber (cm-1)
Y(OH)
3
:5%Eu3+ NTs
3615.94
 
4000 3000 2000 1000
10
20
30
40
50
47
3.
9559
9.
02
87
5.
07
10
84
.3
4
13
88
.3
8
16
35
.0
1
17
41
.8
8
23
44
.8
3
29
24
.4
2
29
57
.0
8
T
ra
ns
m
it
ta
nc
e(
%
)
Wavenumber (cm-1)
Y
2
O
3
:5%Eu3+ NTs
34
30
.8
8
 
Fig. 4. The Infra-Red (IR) Spectroscopy of : a)_hexagonal phase of Y(OH)3:5%Eu3+ and b)_cubic phase of Y2O3:5%Eu3+ nanotubes. 
As shown in Fig. 4, a sharp absorption band at 3616 cmí1 in hexagonal phase of Y(OH)3:5%Eu3+ nanotubes (Fig. 
4a) which is characteristic for the Y-OH matrix and the broad absorption bands observed at 3430 cmí1 in cubic 
phase of Y2O3:5%Eu3+ nanotubes (Fig. 4b) are corresponded to the water absorbed in this samples. Also, all the 
different absorptions bands of Y(OH)3:5%Eu3+ and Y2O3:5%Eu3+ nanotubes are listed in Table 1. 
Table 1. The different absorptions bands of Y(OH)3:5%Eu3+ and Y2O3:5%Eu3+ nanotubes. 
Wavenumber range (cm-1) Assignment 
Y(OH)3:5%Eu3+ Y2O3:5%Eu3+ 
3616 - O-H 
3450 3431 O-H stretching (ȣ) 
- 2957 C-H single bond 
2924 2924 
2847 - 
2366 2345 existence of CO2 
1634 1741 O-H deformation vibrations (į) 
1543 1635 C-C stretching 
1386 1388 C-O asymmetric vibration ( ȣas) 
1252 - C-O single bond 
1095 1084 
738 875 deformation vibrations (į) 
- 599 Y-O vibrations 
446 474 CO asymmetric vibration ( ȣas) 
a) b) 
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Fig. 5 shows the excitation spectra of hexagonal-Y(OH)3:5%Eu3+ (Fig. 5a) and cubic-Y2O3:5%Eu3+ (Fig. 5b) 
nanotubes. The excitation spectra were recorded monitoring the emission wavelength at 616 nm with 
Y(OH)3:5%Eu3+ nanotubes and 610 nm with Y2O3:5%Eu3+ nanotubes.  
 
Fig. 5. The  Excitation spectra of : a)_Y(OH)3:5%Eu3+ nanotubes, Ȝem=616 nm and b)_ Y2O3:5%Eu3+ nanotubes Ȝem=610 nm. 
It can be seen that the Eu3+ transitions from the ground state 7F0 to the excited states with strong intensity 
included: 5H3 at 323 nm, 5D4 at 376 nm, 5L6 at 395 nm, respectively (with Y(OH)3:5%Eu3+ nanotubes), and 5H3 at 
322 nm, 5D4 at 363 nm, 5L6 at 393 nm, 5D2 at 465 nm and 5D1 at 532 nm, respectively (with Y2O3:5%Eu3+ 
nanotubes) [16]. The strongest transitions of Eu3+ ions are: 7F0 ĺ 5L6 at 393-395 nm and 7F0 ĺ 5H3 at 322-325 nm. 
Therefore this two excitation bands were used for the excitation of the nano one-dimentions structures.  
The luminescence spectra of the hexagonal-Y(OH)3:5%Eu3+ and cubic-Y2O3:5%Eu3+ nanotubes excited at 325 
and 393 nm were shown in Fig. 6. 
350 400 450 500 550 600 650 700 750
0.0
2.0M
4.0M
6.0M
5 D
o-
7 F
2
 O
exc
= 325 nm
 Y(OH)
3
:5Eu NTs
Y
2
O
3
: 5Eu NTs
In
te
ns
it
y 
(a
.u
)
Wavelength (nm)
 
5 D
o-
7 F
1
5D
o
-7F
2
5 D
o-
7 F
3
5 D
o-
7 F
4
350 400 450 500 550 600 650 700 750
0.0
4.0M
8.0M
12.0M
5 D
o-
7 F
2
 O
exc
= 393 nm
 Y(OH)
3
:5Eu NTs
Y
2
O
3
: 5Eu NTs
In
te
ns
it
y 
(a
.u
)
Wavelength (nm)
 
5D
o
-7F
1
5D
o
-7F
2
5 D
o-
7 F
3
5D
o
-7F
4
Fig. 6. The luminescence spectra of: a)- hexagonal phase of Y(OH)3:5%Eu3+ nanotubes and b)- cubic phase of Y2O3:5%Eu3+ nanotubes when 
excited at 325 and 393 nm by xenon lamp. 
As can be observed for the cubic phases of Y2O3:5%Eu3+ nanotubes, the intense emission peak centered at 610 
nm for red emission corresponding to the electric dipole transitions at 5D0 ĺ 7F2. Meanwhile, the hexagonal phases 
of Y(OH)3:5%Eu3+nanotubes have four emission peaks recorded at 591, 616, 651 and 696nm, corresponding to the 
5D0 ĺ 7FJ (J= 1-4) transitions, respectively. The strongest emission band centered at 590 nm (corresponding to the 
magnetic dipole transition from 5D0 to 7F1 levels), leading to yellow emission light.  
Compared with the cubic phases of Y2O3:5%Eu3+ nanotubes, we can be concluded that the luminescence 
intensity of the magnetic dipole transition 5D0 ĺ 7F1 is higher than that luminescence intensity of the electric dipole 
transitions 5D0 ĺ 7F2 in hexagonal phases of Y(OH)3:5%Eu3+ nanotubes was an abnormal phenomenon [17]. From 
that, it is possible evaluate that the crystal  phase structures of the host matrix  strongly influenced not only on 
emission intensity, but also on spectroscopy structure of Eu3+ ions. Because, the 5D0 ĺ 7F2 emission is a 
hypersensitive transition and the emission intensity of this transition dependent on the environment symmetry 
around the Eu3+ ions, while the 5D0 ĺ 7F1 is a magnetic dipole transition and its intensity hardly varies in the 
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bonding environment of Eu3+ ions. So, we can used Eu3+ as an optical probe of the crystallization process by using 
its hypersensitive transitions [17-18].  
 Fig. 7 shows the luminescence spectra of the hexagonal-Y(OH)3:4%Eu3+,1%Tb3+  and cubic-
Y2O3:4%Eu3+,1%Tb3+  nanorods using excitation wavelength 325 nm.  
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Fig. 7. The luminescence spectra of the hexagonal-Y(OH)3:4%Eu3+,1%Tb3+ nanorods (blue line) and cubic-Y2O3:4%Eu3+,1%Tb3+ nanotubes 
excited at 325 nm by xenon lamp.
The results obtained shown that, the hexagonal phase of Y(OH)3:4%Eu3+,1%Tb3+ nanorods have characteristic 
emission peaks at 391, 415 and 489 nm corresponding to 5D3 ĺ 7F6, 5D3 ĺ 7F5, 5D4 ĺ 7F6 transitions of Tb3+ ions 
and at 590, 612 and 686 nm corresponding to 5D0 ĺ 7Fj (j=1-4) transitions of Eu3+ ions.  In the case of 
Y2O3:4%Eu3+,1%Tb3 nanorods, the luminescence spectra described by red line with the strongest emission at 612 
nm corresponding to the electric dipole transitions at 5D0 ĺ 7F2 of Eu3+ ions. Here it is also demonstrated that the 
energy transferring from Tb3+ to Eu3+ ions depend greatly on host matrix crystal structures and nanoshape of 
Y(OH)3 or Y2O3. 
4. Conclusion 
The softtemplate synthesis method allows for preparation ytrium hydroxides and oxides with anisotropic 
nanoforms, such as the hexagonal phase of Y(OH)3:Eu/Tb nanorods and nanotubes at temprature range of 180 to 
210oC in 18 - 24h. The synthesied structures are characterized by strong luminescent. Moreover the 
Y(OH)3:4%Eu3+,1%Tb3+ nanorods (diameters in range of 100 to 120 nm) and the Y(OH)3:5%Eu3+ nanotubes (inner 
diameters in range of 50 to 100 nm and outer diameters in range of 150 to 250 nm) with lengths up to several 
micrometers were obtained.  
After annealing the hexagonal phase of Y(OH)3:Eu/Tb nano one-dimensionals at 700oC in 2h, the cubic phase of 
Y2O3:Eu/Tb nano can be obtained without changed of the morphology. And after the phase transition, the 
luminescent intensity significantly increases. The emission colour light of Y(OH)3:Eu/Tb nanorod/tubes is yellow. 
The luminescent colour of Y2O3:Eu/Tb nano rod/tubes is strong red light. 
The difference in intensity emission peaks in hexagonal phase of Y(OH)3:Eu/Tb corresponding to 5D0- 7FJ (J=1- 
4) transitions of Eu3+ ions compared with cubic phase of Y2O3:Eu/Tb nano one-dimensional have been found.  
The one-dimensional nanoluminophores of Y(OH)3:Eu,Tb can be well dispersed in aqua solutions and strongly 
associated with surface-active substances, and low toxicity. Therefore phosphors can be especially attractive for 
biomedical applications, and the precursor of many kind of optical labeling and imaging tool. 
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